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Steven T. Smith, Robert L. Snyder and W. E. Ero?mell 

NYS College of Cernmics 

Alfred, N.Y. 14ao2 

Spray drying is shown to be an effective and rapid method 
for pr2pari ng samples for quantitative analysis by :<-ray povdsr 
diffraction. Previously intractable problems Like the sizuLtzn- 
eous anaiysis of multiple phases in orientation prone systems 
can be carried.out. Using this method, and a computer controLLed 
diffractometer, five and six phase an2Lyses of Devcnian shales 
can be accompIi.shed in ap?roximateLy forty minutes. A rapid and 
convenient met'nod for using the absorption diffraction technique 
for x-ray quantitative an2Lysis is described. 

INTRODUCTION 

X-ray pcrdder diffraction is the principal, tooL used for the 
quantitative analysis of crystalline phases in niXtures. In 
spite of its wide spread use, the unreLiabi.Lity of intensity cea- 
surements, principally due to preferred orientation, continues to 
severely linit its application. Quantitative analyses of orien- 
tation prone materials, LiE;e the.clay minerals, have been the 
cause of a considerabie number of studies over the years. The 
methods arising from these studies usualiy involve the prepara- 
tion of a Large number of reference patterns of oriented speci- 
mens along -.ith tedious 2nd probLematic partica? size separations 
(l-2). 

> 2. ,-; -. 
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S?rl\- drying pouders to a fan spherical- s'as-;,ed ay$oxerztes 
has been shown tJ s.L~~iz,r-- prefa-red orizncz:ion . 7 ,c, (3 ) . T?iS '_ech- 
nlque ' s no1;;ci 2 1; c:q x- '=c!.T qxanti.:3tive 3nzi;r;-Ls Of ?r?TiIOr:Slj- 
intrzctsble systems - T-Llis study -_ * :ias undertax z3r P.GO rcJ.so;li . 
One 7as to establish a rapid 2nd iOU~Ln2 clt';‘od for qu2ntFttti':J_ 
phclsa analysis as port of a Large scale project for Ck?-3ct2r- -.IL* L 
. rzing the eastern Gaited States L\evonia oil and gas 'oearing 
shales. 

=c . 
The second reason was to evalxa:t the eLrectlveness of 

spray dr-ying as a general sample ?reparction technic.::* for use 
in the quantitative analysis of orientation prcne n2Eerials. 

The cmplex clay containing Devonian shales are well suited to 
this purpose. ,. 

Experimental 

To assess the validity, 'accJrac:r and precision of quantita- 
tive analysis using soray dried samples, tuo mixtures of minerals 
were prepared. One was a 60-40 Leigh-it ?etcent mixture of kaoli- 
nite and quarx. The other xas a mixture of iLLite, quartz, 
feldspar arxi chlorite in proportions similar to that found in 
the Devonian shales. In addition the Trocedure to be described 
was applied to 29 samples of shales from West.Virginia and Nero 
York State. 

Since full chemical analysis of each of the shales to be 
analyzed was available, from other work being done in conjunction 
with this study, the x-ray absorption coefficients could be cal- 
culated. This permitted the use of the Diffraction Absor;?tion 
Technique of .Analysis (4-j) based on the relationshi?: . 

@I 
b-eight fraction of phase j = ThkI i 

mixture 0 i mixture 

41 
lJ 

kl j pure (5' j pure 

Tiiis equation has been applied in a number of studies where 
authors usually determine (+/p) mixture by direct measur? 

'ment. Most of these studies have commented on the errors intro- 
duced by both orientation efforts and the errors in measuring 
(p/P 1. 30th of these sources of error should be minimal in 
this study. 

Qualitative analysis by s-ray powder diffraction showed 
that the shales typically contain as principal phases: illite, 

. 

. 



Fi .g. 1. Spray dried ripidolite before 
fine grinding (2005) 
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'ig. 3. Spray dried ripidolite aft 
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quartz, feldspar, ch!orite or :<aoi%ni.:e, plrriie and sometime:; 
sideri:c. 13 order to a'ot3in tk intensi: i.2 s 0 : Lines in the 
pUi+ marerLzLs, Olli "__ :nira-aL CO LLJCtiOn :J35 s.gr7ro,-aA d". -e. Ei2 Sxl?LZ 
- , * 

OK c?SCCl ClLllC?ril ViLh di2Erccticn patter? CLJSi't to the p;?tis4E'Lj 
found in the shal.cs was salected as a standard. i!ue to the hizh 
degree of peak overlap in the shale povdx catt;lms, integrated 
intensities could not be obtained so background corrected peak 
heights zete used. In order to avoid rsdeter=lining the stand- 
ards before each ana!ysis, a method sas devised ~:;hic'n eliminated 
day to day variations in incident beam intensity and line volt- 
age instabilities in the letector system. 73.i.s method imol7ed 
.the fabrication, from brass, of an x-ray diffractonoter potider 
sample holder with a narrouer.than usual sample chamber. A cod- 
stant portion of this sample holder was in the x-ray beam duriig 
each analysis. Brass was chosen because it had a non-overlapped 
line at 49.075O 28 and because its other lizes did not ob- 
scare those to be used in the mineral analyses. The ratio of 
the intensity of the analysis line of eacS mineral standard to 
that of brass was then determined. Table 1 gives the 20 angles 
used for countxg t,le peaks and background for each nazerial. 
Using typical count rates for illite, a major phase, we calcu- 
lated (6) that counting times of 300 sxonds on peaks and 100 
seconds on background would produce r2sul;s with counting errors 
on the order of 1 percent. These times were used to measure the 
intensity ratios given in Table 1. The standard deviations were 
computed from counting statistics. 

Al.1 analyses ~~2r2 carried out using a Sorelco Vertical dif- 
fractometer with a diffracted beam graphite nonochromator using 
Cu Kcr radiation. Tne diffractometer had a lo divergence slit 
and a 0.003" recieving slit. It was aligned for high resolution 
such that the Ku1 - Ra2 doublet would r2solve at 28O 28, and 
therefore relatively ICZJ count rates ~2~2 obseFred. The scien- 
tillation detector and a 28 controlling stepping notor were 
connected to a Canberra interface which was controlled by a PD? 
11 minicomputer. The computer is configured wi.:h 55 X bytes of 

memory acd tt;o f'l.oppr disk drives. 

Computer Controlled Analysis 

A computer program was written in FORT2A.X IV for the PUP 11 
using the XT 11 operating system. The program is interactive, 
requesting operating parameters from the user. Routine informa- 
tion, which will not normally change from run to run, is storad 
on a disk file. In fact, Table 1 is a Listing of this file. 
With the exception of the first record for brass, each record on 
the file contains tSe information necessary for the computer to 
measure and conpure tha weight percent of a pariicular mineral 

. 
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Brass S1.3GO 49.075 
12Lite 17.000 19 .a40 
Quartz 17.000 20.575 
Feldspar 28 .900 z7.950 
ChLorite 13.203 12.515 
Pyrite 33.600 33.085 
Kaolin 11.400 12.380 
Siderite 28.900 32.100 

?3kg 

Angle 
?2ak 
Angle dP 

I Stcndard 
I 3rass 

Cl00 .] [300 .I 
43.0 1.070 
34:4 a 7.200 
37.9 5.740 
.94.2 1.630 . . 
191 .o 2.400 
30.0 2.775 

154.0 2.580 

u 

0.087 
0.330 
0.510 
0 ., 240 
0 ,.500 
0.041 
0.140 

phase in any‘ xnknor*x saa?le. The Eirst record provides the peak . 
and background ang?2s for ths brass line ax0 the background acd 
peak counting times. in seconds to be used in the analysis of each 
phase (these have been placed in brackets). 

The program has t;jo nodes of operation. The first mod2 is 
to measure data for a new standard and add this to the existing 
file, or creat2 a new file if or?e does noi exist. In this mod2 
the diEEractomet2r is directed to oscillat2, a user specified 
number of times, bet*;een detemina:i.on of the background cor- 
rected intensity for the brass pea?; and the peak chosen for the 
new standard. Wnen finished an average valus for I standard/I 
brass is computed along with its standard deviation. These 
values with the oth2r information in Tab12 1 are then added to 
the end of tha computer file. As new phases wera encount2r2d in 
the shales a run of a pure standard minerai in this mod2 would 
update the file and permit its analysis in any futur2 specimen. 

The second mod2 of operation is the normal analysis mod2. 
Her2 the Computer directs the movement of the detector to the 
28 position of the brass peak, found in the first record on 
the file and counts for 300 sec. Then the detector is posi- 

.tioned to count background and the correctad brass intensity is 
computsd. Xext th2 record corresponding CO the first of the 
mineral phases to be analyzed is raad and the intensities are 
measured. The mineral to brass intensity ratio is then calcu- 
lated. Finally this value is converted into a weight percent 
using the mass absorption coefficient and the intensity ratio of 
the pura phase also found on the fil2. The analysis result for 
this phase is printed on the operators console and analysis of 

I 

. 
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Tab12 2. Sanplr run of quantitntivo ma1ysi.s conpurzr ?rog:,ln. 

HOW XGiY STANURIS DO YOU l&&ii TO DEZEZXX? 
LT. STING OF STAXDXRDS = C-1) 
USE ALL STA.XDA!!S N rZrjN = (0) 
SPECIZiC ~RlXBZ~ OF SIDS = (5): 2 

ZXTEB THE'XUXSES OF STA8DXWS TO BE RUN: 2,3,4,5,6 

WlJliT THE SPECiXiZI 'l?T TXE DIFFUCTOXETER. . 
WHEN RE\DY; UT RETC?L"I 

AXALYSiS RESULTS FOR-XI3DESE.X SF-ALE 10 AX AX 20 

NAXE PEXK-chi BKG NET-CPS SIG%! RATIO 

BRASS 38174. 1402. 113.23 0.75 
ILLITE 22862. 1946. 56.75 0.67 . 0.50 
QUXTZ 63361. 1992. 192.94 0.95 1.58 
FELDSPAR 15343. 2230. 28.84 0.63 0.23 
CHLORITE 1731s. 2394. 33.79 0.66 0.26 
PYRITE 967.5. 2280. 9.45 0.58 0.07 

TOTAL 97.91 +, - 

ANOTHER SAqE FOR TZESZ STAHRA~S? YES = (0 

I~OTXEX NE;I %WPLE? YES = (0); SO = (1): i 

0.01 52.53 4.30 
0.02 31.03 L.42 
0.01 5.15 0.46 
0.01 8.13 1.20 
0.00 0.72 0.15 

7.53 

1; X0 = (1 

EXIT 
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HateriaLs 

Illite: this mica-like clay mineral has a vatiable composition 
due to extensive solid solution. Cur illite standard material 
was purified from a sample of the American Petroleum Institiute 
reference clay Xo. 36 (7) obtained from Wards (3). "i"nis ilLi.:e. 
found at ?!orris Illinois contains quartz as the major impurity 
and probably a trace of lcaolinite. Preparation of this material 
involved grinding, suspans,ion in an aqueous mnadiun (about 10%. 
by we,ight illite) with Cal,.. *nn added as a deflocculant. After 24 
hours of settling, the top part of tha soLu:ion x;as -withdrawn, 
centrifuged and dried. TSis purifiai material, which was S&,2- 

qllently spray dried, contained only a trace of quartz, :*iith a 
total -kmpurity level of probably 3%. Chemical analysis shoucd 

Si = 21.76%, Al 12.98%, Fe 2.SS%, >!g 1.49%, Ca 0.42%, P 0.47%, 
Ti 0.502, Na 0.25%, K 3.24%. Tne most intense peak free from 
serious overlap was chosen for analysis of each Fh$se. For 
spray dried illite this was the 111 line near 4.46A. It is 
interesting to note that this line is more intqnse than the 
basal (001) reflection when the specimen is spray dried. 

Quartz: a pure sample of < 200 mesh was ground for one hour 
and spray dried. Since the most intense quartz line interferes 
with the iliite GO3 we chose the second most intense line at 
4.26i for analysis. 

Feldspar: a sample of ol-, iooclase from Mitchell County, Xort'h 
Carolina was closest in diffraction pattern to the shale feld- 
spars. This material was W analyzed as Si 2S.802, Al 12.?3;=, ?e 
0.27%, Ca 3:44%, Xa 6.252, K 0.42X. The Sample was ground t0 
< 325 mesh and spray dried. T32 most intense line near 3.208 
was chosen for analysis. 

Chlorite: a sample of ripidolite was used as a standard for 

. this platy disilicate material. A Vards samp?e from 
Goscheneralpe Switzerland was ground to ~325 mesh and spray 
dried. Chemical analysis showed Si 11.52, AL 10.96%, Fe 24.06%, 
Mg 6.032, Ti 0.02%. The 002 line near 12.50 was used for 
analysis. 
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Kaolinite: the sample, kaoLe:c ~-6, a Georgia ktoliz from th2 J. 
51. tiuber Carp (9) ms sufficiently fiza t3 bs spray dri2d dirtct- 
lY * The par:icaL size is reported (?> as being 52-68X < 2~" 
and 12-E% >5 +a. The mosi iatensa Line, 062 near 12.4O 
was chosen for malysis. rais Line is in ih? same Location as 
the line used for chlorite. Tie were forcad to xse these conflic- 
tin3 lines because of their high =2l;:F:72 iatcnsi:i2s and the Lou 
concentration of thase two tinerals. 'To diffcrentiaie &lorq"a I ..c- 
from kaolinite, oriented slides of non-spray dried shales V2r2 

prepared and trest2d with D!,!SO (i0). The analysis of these dif- 
fraction patterns showed that when chLotii2 was present kaolin 
was not and whaa kaoLin Yeas pr2s2ct there k‘ere 0ilLy tiZCe amunts 
of chlorite. Thas c with t-h+ introdcctim Oi a nsl1 amount of 
error the 12.4O lixe xas slessurad usin either the chlorite or 
kaolin standard digkcding cn tha iesuit of the i?>!Sa test. 

Siderite: a 
to -7G2.5 mesh 
quartz which 
analysis. 

Wards saxrple fr& Roxsbury Conzac:icut was ground 
and spray dried. This sample coataizd about 5% 
was ig;,ored. The 104 reflection was used in the 

Shales: the shales of unkzoun composition vere brol<en into 
s of abcut 5 cn ar.d gr0ur.d first in a roll crash2r. R2pi2- 
sentative samples v2rt obtained using a riffle-t-ype splitter. A 
15g sample was then ground to <325 mesh ir? a s?ex nilL or nor- 
ter and spray dried. Xass absorption coeffecients ~2~2 obtained 
by calculation from the kcown chetical analysis. 

Two Phase Test Nixtce: a 60% kaolicite 402 quartz mistu-;e ??as 
w2ig'ned ground together and spray dried. The pass absorption 
coefficient was calculated as 31.5. 

Tour Phase Test ?!ixture: a mixture of 47.22 illitc, 34.lf quartz 
11.4% o1lgocios.e and 7.3% tipidolita Gas zeighed, ground and 
spray dried. These proportions are sitilar to those found in 
the shales. The mass absorption coefficient was calculated to 
be 45.0. 

Results and Discussion 

Figure 1 is a scsrmiag electron zicrogrtph of zijidolite 
which had been ground to G25 "mesh a3d spray dried. This is a 
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good iiLus:rJtion oE tk.2 ;p:qere distorting effccis of ioo lt.r;e 
2 retlo of :yysuLLire ;i:e -to 1n~io-p27~~2 siz.2, -:,a- 8. -w- iigurz 2 .Si??US 
3 close q of on2 of ,ti-.2sa a~~L,-,-,2rat~s, clezri.:: lzdi<nti.ng th2 
contz1S.n; 12ffect SJ;liih rzlstil-Jsly l..zrz" ---.,---I 11-L t>s 'r,,ly/? (Jp LA, .A.... 

tS2 Kil CtO.5 t fl.lC tl!i'i 0 f t k 2 3 ph2ie . .-jftzr r2grindir.g the YipiCo- 
Lite powder ior 40 ~3f2 7inut2s 332 spray c',ryln=, the s?herricz? 
ag~imert:~s sh.orm in tig. 3 ~ieze obtziaed. The fir.e;t particle 
size naterial ::a llad tv.ai?able was the iLli: pzdd*r obtained by 
Stokes Law settling. Cn spray dryizg this p0>ddT, the ~r;lo~ih 
eliptically distorted s?112.;r2s shorn in Tiz.4 :,:er2 obtained. The 
spray dryir,g of the fiaeiy ground shales, such as ::12 ?!iddlesex, 
NY sfiale sho:m in Fig. 5 presents no special pro-oiexs. The spiay 
dried shale sSorm in Fig. 6 forzed reasonably sph2ricaL 2:gglc;;a- 

rates wi:h a0 evidence 0f either ori2nt2:ion or particle sagrz:a- 

tion. 

The quantitative ZXlSl-jSiS of th2 pTe?artc! kaoli3-c.cartz 

mixture av2razed ovcr'thr2.a computer runs of ap?rxx:kxat2ly on2 
half hour each gave: 

. 
Measured Actual . . 

Kaolin 57.7% + 4.1 . 60.0.': 
Quxtz 41.3X-5 3.6 40.0% 

. 

T'ne ana?vsis results r'or the prep,artd mi:c:ur= of ninzral.s 
with piopor?ions sixilar to thosa four=d in D2voniaz shales are: 

Measured : Prepared _ 

i111:+ 45 . ld + 1.0 47 .L 
Quartz 21.1% 5: 1.9 34.1% 
Feldspar 11.6% '7 1.7 11.4 
C'nlorite 7.4% -+ 0.6 7.3 

Toes2 datr! w2re also averaged over three conpu:er runs of a,?prox- 
kat2ly 40 ninutes each. 

These results show accuracy and Treclsion t>Tical of quanti- 
tativa x-ray powd2r di-' Zraccion analyses on synth2:ic materials. 
Quantitative mineral analyses are of~e?z only reportad to the 
nearest five percent. On considering such factors 2s the nineral 
nature of these materials, that analyses are rzade from a single 
pur2 standard and the numerous sources of error in the method of 
analysis, these results 3ie izpiessive. They f'UTth2i confim 
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Sixa the .r2sul~s on the synth+tic samples SSOW deviations 
of as much as 32 and the total. mineral analysis of the shales * 
vary 0'7ez a 152 range, same consi.~~rat~an of the sources of er- 
ror is in order. First Let's consider errors in the general 
procedure not relaiL *xd to the mir.er21 nature of the c;azp?zs. T’at 

problems of microabsorption and of tha p2ak counting method 2re 
well established and have some effect in our proced.Jre. A nor 2 
serious P:O'Z~~Q which zi.s_os mi,y with s?rly dried s2mpLes is .- 
the tendency of our.agglomerttes to roll. TInis probiem gets . 
more serious at high angles vhere tha sample holder z?gla is 
signifit29t. The rolling of-the specimen introd.Jces a sample 
displacement error which -fill significantly shift a Teaks po~i- 

tion. Parti cularly when using the peak counting method this can 
introduce significant errors. Tnis effect can be controLLed by 
two methods. One is to spray a clear zmor-,hous Lacquer over the 

sanple in ths holder i0 keep it in place. The other is to add a 
peak location routine into the computer aigorithim i0 r'izd tfie 
top of tSe pe& before counting. The trtditional errors due to 
orientation and sample irhomogeneity appear not to be signifccant 
in this method. 

The p rincipal source of error in our analyses of the shales 
is the difzfarence bepdeen the mineral phase found in the shale 
and that used as a standard. A number of serious asSumpiions 

have' to be made in selecting standards. The extremely solid 
solution prone chloritcs, feldspars, illites and siderite found 
in the Devonian shales sho.ded conszc,c *'a-able varia:ion in their 
diffraction pat:erns. For example the choice of oligoclase as 
our feldspar stand2rd does not imply that plagioclase and the 
allcali faidspars were not also present. Tn addition to this 
large error source the presence of impurity phases in Our siand- 
ards and the presence of mall amounts of kaolinite in the chio- 
rite shales and vice versa introduced more error. In general 
the shales show a high background :Jith numerous unidentifiable 
small. pesks; relative changes in these under.tha peaks to be 
analysed, is anoiher SouicO of error. 0-n considering all of 
'these'difficul:ies ihe variations in tSe shale analyses seem 
reasonable. d more accurate tnalysis can be performed on any 9 

. 

. 
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Spray drying has beat s'aom to be a siztple and efErctive 
method for dnixizing orientation er’fects for quant i tat iv? x-ray 
diffraction analysis. Use of this techaiqze provides a nethod 
for the previous i?tracta3l* probl,e:dl of sizuLtheous auLtiphase 
analysis in orientation prone oaterisis. Ths complex mixtures 
found in Deslonian shaics can be analyzed by this method. 

The authors wish to express their gra:itude to C. L. Mallory 
for wr'iting the interface control subroutices. This :~ork was 
supported in part by U. S. Department of Energy Contract XO. 
EY-76-C-05-5207 and W-7405-2:TG-4S. 
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